Neonatal jaundice (NNJ) is common in Singapore and is usually monitored with serum bilirubin (SB). This paper reviews literature on the accuracy of transcutaneous bilirubin (TcB) measurement compared to SB to monitor jaundice in neonates of major ethnic groups of Singapore, i.e. Chinese, Malay, and Indian. 15 studies with Chinese babies, 5 with Malay babies, and 15 with Indian babies were identified (total of 28 articles, some with more than one race). Correlation coefficient is good for all three races. Chest is a better site for TcB measurement than forehead, though both are good. Infants with TcB levels more than 160-200 μmol/L should have SB checked. While post-phototherapy infants may benefit from TcB 24 hours after cessation of phototherapy, more needs to be done to ascertain its usefulness. Premature babies should have SB measurements. TcB measurement is suitable to monitor NNJ in term and healthy Chinese, Malay, and Indian babies.
Introduction
Neonatal jaundice (NNJ) is common in neonates in Singapore. The majority of monitoring of NNJ is done in the Polyclinics, Hospital Emergency Departments, and postnatal nurseries. This is done by heel prick to measure serum bilirubin (SB). However, a more efficient way is by transcutaneous bilirubin (TcB) measurement. First described by Yamanouchi et al., 1 there have been numerous studies supporting the use of TcB measurement for NNJ monitoring. Besides cost and time savings, neonates are spared of frequent heel pricks.
NICE has introduced recommendations regarding devices for measuring TcB, 2 following detailed literature review. However, among the 31 articles reviewed, only 3 studies had Chinese, Malay, or Indian neonates. A few had "Asian" subgroup populations, but were not specific about the actual race.
This topic review examines the evidence available for the use of TcB measurement in Chinese, Malay, and Indian neonates (the three major races in Singapore).
Aim

Primary aim
To review the correlation coefficient (r) of TcB compared with SB at various sites of TcB measurement in Chinese, Malay, and Indian neonates.
Secondary aim
To review the action levels, coefficient of variation, inter-ethnic group variation, effects of phototherapy, and prematurity on TcB and nomograms to predict risk of developing severe hyperbilirubinemia.
Action levels. Action levels are useful in translating the TcB level above which babies with NNJ should be admitted or subject to SB confirmation, and the TcB level below which babies can be safely discharged without immediate risk.
In the management of neonatal jaundice using TcB, sensitivity and negative predictive value (NPV) are more important than specificity and positive predictive value, respectively. Coefficient of variation. Repeated measurements of TcB on the same subject, at the same site, at the same setting should show similar measurements. Ideally, there should be 0% variation.
Transcutaneous bilirubin measurement to estimate serum bilirubin in neonates in a multi-ethnic cohort: a literature review Methodology Search for articles were done using PubMed, Google, hand searches from journals, and cross-referencing from articles. Search words included "transcutaneous bilirubin measurement, " "transcutaneous bilirubin, " "transcutaneous bilirubinometer, " "transcutaneous bilirubinometry, " "jaundice meter, " "BiliChek, " "JM-101, " "JM-102, " and "JM-103" as text words and corresponding MeSH terms. There were no limitations on date. It was limited to articles in English language.
Study selection
Articles were included if they involved Chinese, Malay, or Indian neonates with TcB measurements. Individual studies, review articles and guidelines were included.
Statistical power of the studies was calculated with Statistical Package for Social Sciences (SPSS), version 22.0, based on sample size and correlation coefficient (effect size). As the power of all studies was 0.99 and above, no studies were excluded based on sample size.
As the measurements were objective (TcB and SB), risk of assessor bias was deemed to be low and was not considered in the selection of the studies.
Articles (or portions of articles) were excluded if TcB measurement was compared to investigations other than laboratory bilirubin measurement.
Statistical analysis
Meta-analyses were performed using SPSS v22.0. Correlation coefficients and their confidence intervals were derived using the Hunter-Schmidt method and I-square statistic was calculated to quantify heterogeneity across studies. Forest plots were created using MS Excel.
Results
Search results
The search was carried out in March 2013 and updated in February 2014. The articles were reviewed and relevant articles were identified; 273 articles were identified. However, only 28 were eligible for review. 15 articles included Chinese, 5 included Malay, and 15 included Indian neonates. Three articles had more than one race included. The articles reviewed are summarized in Tables 1 to 3 . Full text was not obtained for 3 articles. 11, 14, 15 They were analyzed from abstracts, 11, 14, 15 together with additional information from the NICE review. 11, 15 The main instruments for TcB measurement in NNJ were the Minolta Jaundicemeter (JM-101, JM-102, and JM-103) and
BiliChek.
Analysis results
Primary outcome -correlation coefficient. The results are summarized in Table 4 and Figures 1 to 3. For Chinese neonates, chest was the better site except for one study. 15 The back had the poorest correlation coefficient comparatively. 17, 19 For Malay neonates, chest also was better than the forehead. 8, 13, 17, 19 The upper limit suggested for TcB was 200-250 μmol/L as the four studies overlap with the studies for Chinese neonates. 8, 13, 17, 19 For Indian neonates, forehead was better than chest, i.e. 0.934 vs 0.914 and 0.893 vs 0.789. 24, 32) Secondary outcomes Action levels. Upper limits of TcB for good correlation were reported to be around 160 μmol/L, 11 200 μmol/L, 10, 13, 17, 19 and 250 μmol/L, 6, 8, 13, 16 above which TcB underestimates SB. In one study, 19 there was a sub-analysis of the correlation coefficients between lower and higher bilirubin levels. For forehead readings, when SB was less than 200 μmol/L (n = 58), r = 0.905; when SB was more than 200 μmol/L (n = 44), r = 0.755; p < 0.001 (statistically significant). In this study, for overall forehead readings, Chinese r = 0.93, Malay r = 0.88.
Coefficient of variation.
Coefficient of variation for JM-101 was 2.41-4.52% and 2.2-3.5%, 16, 17, 19 for JM-102 was 0.61-2.85%, 9 and for BiliChek was 2.63-6.85%; 9 all were satisfactory.
Inter-ethnic group variation. The results are summarized in Table 5 .
Overall, Malays had the highest and most consistent correlation coefficient across studies. Chinese had comparatively lower correlation coefficients. However, overall correlation coefficient was good except for the earliest small study. 18 Chest measurements were equal or better than forehead measurements in the two studies that included chest readings. 8, 13 However, with BiliChek, Indian neonates had the highest correlation coefficient over chest but Chinese were highest over forehead. Study had 70 neonates exposed to phototherapy. Correlation coefficients:
Forehead (non-exposed) = 0.74 Forehead (exposed) = 0.60 Chest = 0. The coefficient of variation was less than 5% in all the 10 infants in each of whom 10 measurements were made in rapid succession.
In Chinese and Malays infants combined: when SB less than 200, r = 0.905; when SB more than 200, r = 0.755 (p < 0.05). Phototherapy. The results are summarized in Table 6 . In Chinese neonates, correlation coefficient was reduced in phototherapy in chest and forehead measurements. However, in one study there was rapid return of skin color after 18-24 hours after cessation of exposure to phototherapy. 12 Correlation coefficient increased from post-phototherapy of r = 0.60 (chest), r = 0.60 (forehead), to Day 1 post-phototherapy of r = 0.80 (chest), r = 0.70 (forehead), to Day 2 post-phototherapy of r = 0.84 (chest), r = 0.80 (forehead). In the study, infants without phototherapy ("control") had r = 0.88 (chest), r = 0.80 (forehead).
Indian neonates also had similar findings on reduction of correlation coefficient with phototherapy. Christo et al. found the least reduction in correlation coefficients (to 0.85 from 0.89). 29 Conversely, Narang and Buche reported a rise from 0.79 to 0.84 in forehead readings. 32 However, this was a small and preliminary study. 32 There were no studies on Malay neonates.
(v) Premature babies. The results are summarized in Table 7 .
Correlation coefficient was reduced in Chinese premature neonates. 17 Indian neonates had mixed reports of correlation coefficient reduction, 24, 25, 28 together with an increase in premature babies. 29, 32 Bhat et al. found a reduction (to 0.52 from 0.72) but not significant (p > 0.05). 30 Narang and Buche found an increase in both forehead (0.94 vs 0.893) and chest (0.79 vs 0.789). 32 However, it was a small study.
Predicting risk of developing severe hyperbilirubinemia. Sensitivity and NPV were 100% at the 40th centile on nomograms obtained by Yu et al. 5, 6 Using Bhutani et al. ' s nomogram, 4 the 75th centile had 100% sensitivity.
For Indian neonates, sensitivity and NPV were 100% at the 25th centile on the nomogram obtained by Mishra et al. 21 In addition, TcB index <5 at 24 hours and <8 at 48 hours had 100% NPV. 23
Discussion
Primary outcome -correlation coefficient
This review supports the guidelines of NICE and AAP that TcB is suitable to monitor jaundice in neonates, 2,3 within certain limits. In Chinese, Malay, and Indians, the overall correlation coefficient of TcB is good. Although the chest appears to be the most accurate site, it has to be balanced with convenience, as the forehead is more accessible and the difference is not great.
The forest plot for the all three races' babies shows heterogeneity. This could be due to differences in lab tests used, technique of measurement, setting of studies, and other variations in methodology. However, the correlation coefficient remains good.
Secondary outcomes
Action levels. TcB measurement underestimates SB above 160, 11 200, 10, 13, 17, 19 or 250 μmol/L. 6, 8, 13, 16 Clinically, this means that, at higher levels (which are clinically most important), TcB may miss neonates with high SB, leading to bad outcomes from bilirubin encephalopathy. Thus, clinicians may order SB for neonates with TcB readings above 160-200 μmol/L, the actual value depending on individual centers' risk management. NICE guidelines recommend that neonates with TcB greater than 250 μmol/L should have SB checked. 2 AAP recommends that TcB can replace SB particularly for SB less than 15 mg/dL (257 μmol/L). 3 Coefficient of variation. The JM-101, JM-102, and BiliChek all showed very good coefficients of variation.
Inter-ethnic variation. While there is paucity of studies using JM-102 and JM-103 on Malay and Indian infants in Singapore, it is likely to be good. This is because Chinese had lower correlation coefficient than Malays, 8 but studies on Chinese infants with JM-102 and JM-103 showed good correlations.
Phototherapy. Phototherapy reduces correlation of TcB with SB. However, the reduced correlation is generally still good. More can be done to determine when TcB may be useful post-phototherapy.
Premature babies. While correlation coefficient is reduced in premature babies in most studies, it is still good. However, the studies are small. As prematurity is associated with many potential complications, it is difficult to generalize the applicability of TcB, just by gestational age. For instance, hematocrit affects TcB index. 15 There are many variables in premature babies which need to be studied, before determining when TcB can safely replace SB. As such, SB should be used in premature babies, together with other blood tests which they frequently need.
Predicting risk of developing severe hyperbilirubinemia. When a neonate has a bilirubin reading below the level for 100% sensitivity and NPV (of picking up babies at risk of developing severe hyperbilirubinemia) category, according to hour-specific age, the neonate may be safely discharged without 
Limitations
Language of articles in this review was limited to English. There may be reports in other languages which were not found, since countries where Chinese, Malay, and Indian neonates predominate the respective population, may not use English as the main language. Few full articles were not found and information was based on abstracts and secondary sources. However, their findings largely concur with the rest of the articles.
Various centers vary in their definition of action levels, preterm babies, birth weight to define small for age, and their TcB measurement protocol (site and number of measurements per site). Despite that, the findings are generally similar in their respective definitions.
The laboratory SB measurements were performed with different equipment and varying collection methods. This could potentially cause variation in the SB levels, to which the TcB readings were correlated.
Many articles did not report blinding. However, they were also included in this review because both SB and TcB measurements are objective measurements, and less prone to assessor bias.
This review included previous generation bilirubinometers like JM-101 which did not negate the interference of skin pigmentation to derive some conclusion.
Conclusion
Transcutaneous bilirubin (TcB) measurement is a suitable alternative to serum bilirubin (SB) measurement in the monitoring of NNJ in term and healthy infants in Singapore. This would save cost, time and invasive pricks. JM-101, JM-102, JM-103, and BiliChek are suitable equipment to be used, though further validation of JM-102 and JM-103 in Malays and Indians would be useful.
Chest is a better site for TcB measurement than forehead, though both are good. Infants with TcB levels more than 160-200 μmol/L should proceed to have SB checked.
While post-phototherapy infants may also benefit from TcB 24 hours after cessation of phototherapy, more needs to be done to ascertain its usefulness.
Premature babies should have SB determination until stronger evidence of the usefulness of TcB is demonstrated.
Ethnic-specific nomograms in Singapore can be developed to more accurately risk-stratify neonates.
